ABSTRACT Although most industries use a specific diet for the pre-starter phase, ingredients are used in the later phases, primarily corn and soybean meal, which at this stage do not have high digestibility. Three experiments (Exp) were carried out to evaluate the substitution of corn by white or parboiled rice (WR, PR) and the inclusion of 6% soy protein isolate (SPI) in prestarter diets (1 to 7 d). In Exp 1 (1 to 21 d), WR, PR, and SPI were added to the diets until the birds were 21-day-old, whereas in Exps 2 and 3 (1 to 33 d), only until birds were 7-day-old. Birds were fed a basal diet based on corn and soybean meal until the end of the experimental period. In Exp 1, the coefficients of total tract apparent retention (CTTAR) of the pre-starter and the starter diets, ileal and jejunal digestibility of starch in the starter diets, and broiler performance were measured. Subsequently, the same pre-starter diets Exp 1 were evaluated in pellet (Exp 2) or mash (Exp 3) form and different oil percentage (Exp 2) or not (Exp 3). We hypothesized that the ingredients particle size (Exp 2) and fat content (Exp 3) could influence feed intake. There was no interaction among the evaluated factors (P > 0.05). Rice (WR or PR) promoted better results than corn in terms of CTTAR of dietary components, jejunal and ileal starch digestibility, and broiler performance (P < 0.01). In Exp 1, diets with 6% SPI presented better CTTAR, except Nitrogen (N), but lower feed intake, which negatively affected broiler performance (P < 0.01). In Exps 1, 2, and 3, the inclusion of SPI did not improve broiler performance (P > 0.05), so that SPI may not be the best choice for pre-starter diets. The study also suggests that better growth performance and nutrient digestibility can be obtained in broiler chickens if corn is replaced by rice in pre-starter diets.
INTRODUCTION
The adoption of a specific diet is recommended for pre-starter broilers (1 to 7 or 1 to 10-day-old). These birds have higher nutritional requirements because of their high growth rate and thermoregulation needs. In addition, their immature gastrointestinal tract does not allow full nutrient digestion and absorption (Noy and Sklan, 1995; . During this period, broilers also suffer the impact of the transition from the utilization yolk sac content, which contains lipids as the main energy source, to exogenous feed which is rich in carbohydrates.
When formulating pre-starter diets, feedstuffs with high nutrient concentrations and availability should be included to compensate the physiological limitations of the birds. Although corn and soybean meal are typically added in poultry diets, some studies indicate that they are not properly utilized by pre-starter broilers (Batal and Parsons, 2002 FEDNA, 2010) , which has excellent quality, according to Tester et al. (2004) , improving the efficiency of energy utilization. González-Alvarado et al. (2007 and Vincent et al. (2007) concluded that diets containing rice in replacement of corn improved dietary nutrients utilization and performance of broilers and young pigs, respectively.
Human nutrition studies have shown that the starch present in white rice is highly digestible, as it results in rapid post-prandial glycemic response (Miller et al., 1992; Thompson et al., 2012) . However, when rice is parboiled (a hydrothermal process), the starch is gelatinized and might be retrograded during cooling, resulting in so-called resistant starch (Englyst et al., 1992) , which may reduce overall dietary starch digestibility (Guha et al., 2011) . The speed of starch digestion in the small intestine may influence dietary protein utilization (Weurding et al., 2003a) , and consequently broiler performance (Weurding et al., 2003a,b) . The lack of synchrony between starch and protein digestion may cause the oxidation of amino acids to supply the energy requirements of the intestinal epithelium (Fleming et al., 1997) .
Soy protein isolate (SPI) seems to be an option to replace soybean meal in pre-starter broilers diets due probably to its high protein and low non-starch Table 1 . Nutritional composition (%, as-fed basis), geometric mean diameter (GMD) and geometric standard deviation (GSD) of the main ingredients. Rostagno et al. (2011). 3 According to NRC (1994) . 4 Both types rice are the trademark "Biju" and were produced by the Josapar R , Pelotas, Brazil. 5 Soy protein isolate was obtained in Solae R , Esteio, Brazil.
polysaccharide content (Parsons et al., 2000) . However, some studies reported reduced intake of diets containing SPI due to its small particle size (Shelton et al., 2003; Longo et al., 2005) . Broilers are slaughtered at 40 d in Brazil, on average, and therefore the first 7 d correspond to a large part of their lives (17.5% of the total rearing period). In addition, BW at the end of the first week of life is highly correlated with slaughter weight (Tona et al., 2004) . Therefore, factors that optimize broiler performance during the pre-starter phase are becoming increasingly important as the broilers' lifespan is reduced. Feed intake during the pre-starter phase corresponds however to only 3.5% of total feed intake, allowing the inclusion of more expensive feedstuffs in the diet.
The objective of this study was to evaluate the effects of the substitution of corn by white or parboiled rice and of the substitution of part soybean meal by SPI in pre-starter broiler diets on diet component metabolizability, starch ileal and jejunal digestibility, and broiler performance immediate and overall the substitution on the dietary ingredients.
MATERIALS AND METHODS
The procedures of this study were approved by the Ethic Committee on Animal Use of the Federal University of Rio Grande do Sul, under protocol n. 23 285, in compliance with Act n. 11794 of the Brazilian law.
General Procedures
Three experiments (Exp) using male Cobb broilers were carried out to evaluate the substitution of corn by white or parboiled rice and the inclusion 6% SPI (Esteio, Brazil) in replacement of soybean meal in prestarter broiler diets. Ingredient composition are presented in Tables 1 and 2 . White rice (Pelotas, Brazil), also called polished rice, was obtained by polishing brown rice after embryo and pericarp removal. Par- boiled rice (Pelotas, Brazil) was obtained by partially soaking the grains in hot water (68 • C), steaming (promoting partial or total starch gelatinization), cooling, drying, and polishing (Amato and Elias, 2005) .
Diets were formulated to contain equal nutrient levels and to supply broilers' nutritional requirements (Rostagno et al., 2011) . Water and feed were offered for ad libitum consumption. Lighting programs of 24 h of light (Exp 1) and 21 h of light (Exps 2 and 3) were used. House temperature was monitored using maximum-minimum thermometers to try to maintain thermoneutral conditions.
Experiment 1
In Exp 1, the coefficients of total tract apparent retention (CTTAR) of the dietary components of the pre-starter (1 to 7 d) and starter (8 to 21 d) diets, starch digestibility in the jejunum and ileum of the starter diet (21 d), and broiler performance (1 to 21 d) were evaluated. The objective of evaluating jejunal and ileal digestibility was to investigate the site of the gastrointestinal tract where the starch digestion rate was higher and to infer the starch digestion velocity. Two hundred and forty broilers were housed from 1 to 21 d of age in battery cages, with a tray for excreta collection, at a density of 8 birds/m 2 per cage. Diets (Table 3) were supplied as mash. In this Exp, SPI and rice replaced corn until broilers were 21-day-old. Geometric mean diameter (GMD) and geometric standard deviation (GSD) of the diets (Table 3) and of the evaluated ingredients (Table 1) were obtained according the method described by Zanotto and Bellaver (1996) , using a mechanical shaker with six sieves with the following mesh sizes: 4, 2, 1.20, 0.60, 0.30, 0.15, and 0.00 mm. The amounts retained in each sieve were calculated through an equation for the GMD. It was not possible to analyze SPI GMD; because of their very small size, the particles adhered to the walls of the first sieve. The CTTAR was determined used the methodology of total excreta collection, with 4 d of adaptation followed by 3 d of excreta collection (Cortés et al., 2009) . Excreta were collected once daily between d 4 and 7 (pre-starter phase) and d 16 and 19 (starter phase), and immediately stored at −10 o C. Available starch, DM, N, and gross energy (GE) contents of the diets and excreta were determined according to the Association of Official Analytical Chemists (AOAC, 1996) and were used to calculate the CTTAR of available starch, DM, N, GE, and AMEn. In order to analyze excreta N, H 2 SO 4 was added before drying in order to prevent N loss (Ribeiro et al., 2001) . Available starch content in the sample was determined using an adaptation of method 996.11 of the AOAC proposed by Walter et al. (2005) , using phosphate buffer at pH 6.8 for the incubation with heat-stable α-amylase instead of the buffer MOPS (3-(N-morpholine)-propanesulfonic acid) at pH 7.0. This methodology allows for quantifying only the available fraction and was chosen because a small amount of sample is required for the procedure, considering that we had limited amount of jejunal and ileal content samples. Moreover, when resistant starch is not quantified, the method becomes less laborious and less prone to errors as the number of steps is reduced. The digestibility of available starch were estimated in samples collected in the jejunum and ileum from 8 to 21 d of age broilers according to the methodology described by Sakomura and Rostagno (2007) . During the starter phase (8 to 21 d), birds were fed 1% acid-insoluble ash (Celite TM , diatomaceous earth) as an indigestible marker. Two hours before slaughter, birds were stimulated to eat by increasing the noise of the room to ensure that all intestinal segments contained digesta. Birds were euthanized by neck dislocation. Immediately after euthanasia, the abdomen was opened, and an 18 cm segment (ending 4 cm before the ilea-cecalcolonic junction) of the ileum was exposed, clipped, and its content manually squeezed into plastic tubes. The same procedure was applied for the jejunum, using an 18 cm segment ending 4 cm before Meckel's diverticulum. Samples of the collected intestinal contents were weighed and stored at −20
• C, and subsequently freeze-dried at −40
• C for 72 hours. In addition, acidinsoluble ash was also determined in diet and intestinal content samples using the 942.05 method of the AOAC (2005).
Ileal and jejunal available starch digestibility was determined based on available starch concentration in the Where: IF is the indigestibility factor and CD is the coefficient of digestibility ileal (or jejunal).
Experiment 2
In Exp 2, the same pre-starter diets of Exp 1 were pelleted to prevent the influence of dietary particle size and SPI fines on feed intake (Table 4) . Diets were pelleted in a Incomac R pellet mill (Chavantes, Brazil), 15 hp model, with 2.38 mm diameter hole die. The experimental diets were fed only during the first 7 d of life, after which all birds were fed the same diet based on corn and soybean meal (Table 5 ). In total, 300 males' constituting one-to 33-day-old broilers were housed in 1 m × 1 m pens covered with wood shavings and equipped with a tube feeder and a nipple drinker. Each pen housed 10 birds. Birds and diets were weighed weekly.
Experiment 3
In Exp 3, the same pre-starter diets of Exps 1 and 2 were used (Table 4 ). However, an equal level of added fat (4.03% soybean oil) was used in order to prevent any possible influence of fat on feed intake. Diets were fed as mash. The experimental procedures were similar to those indicated for Exp 2.
Experimental Design and Statistical Analyses
Data were analyzed as a completely randomized experimental design in a 3 × 2 factorial arrangement consisting of 3 cereals (corn, white rice, parboiled rice) × presence or not of 6% SPI, to evaluate the main effects and their possible interactions. Each treatment was applied to five replicates, totaling 30 experimental units per Exp. The data were submitted to analysis of variance, and means were compared by the LS means test using SAS (2009) software package.
RESULTS AND DISCUSSION

Experiment 1
There was no interaction between effects and therefore only the main effects will be discussed. The replacement of corn both by white and parboiled rice in the pre-starter and starter diets increased CTTAR of all nutrients (P < 0.001) except for N which was highest for the white rice (P < 0.05; Table 6 ). Comparing both rice types, the pre-starter and starter diets containing white rice presented higher CTTAR of all evaluated components (P < 0.05), except for AMEn content, which was not different (P > 0.05).
The CTTAR of DM and GE of the pre-starter diets containing 6% SPI were higher (P < 0.001) than those with no SPI inclusion (Table 6 ). This was also observed with the SPI starter diets, which, in addition presented higher AMEn content. The starch CD were higher in the diets containing white and parboiled rice (P < 0.0001) than in the diets with corn (Table 6 ). These results demonstrate the better quality of rice starch compared with corn starch. Rice starch presents lower encapsulation (Svihus et al., 2005) , smaller granule size (3 to 8 vs. 2 to 30 mm; Tester et al., 2004) and lower amylose content (5 to 12 vs. 10 to 20%; Vandeputte and Delcour, 2004) than corn. Therefore, rice starch is more available than corn starch for broilers (González-Alvarado et al., 2007) . The results on Table 6 show that, independently of the evaluated cereal, most of the dietary starch was digested in the jejunum, which is consistent with the reports of Weurding et al. (2001) and Gutierrez del Alamo et al. (2009) . However, those studies have very different starch digestibility values, which may be attributed to differences in the methods applied to analyze the starch, which does not allow the comparison among different studies on this subject according to Rose et al. (1991) . For instance, feeding 21-day-old broilers with diets based on corn and soybean meal, Noy and Sklan (1995) obtained 87% starch ileal digestibility using the enzyme methodology described by Rose et al. (1991) , whereas Rodrigues et al. (2003) applied a different enzyme methodology (Sigma Chemical Company, 1995) in corn-based diets fed to 28-day-old broilers and estimated 95.7% starch ileal digestibility. In the present study, only 2 percentage points of the starch from the diets with white and parboiled rice disappeared in the large intestine (fermentation by microorganisms) compared with 4.7 percentage points from the diets with corn, which explains the higher AMEn values obtained with the rice diets. The differences between ileal and jejunal starch digestibility were 12, 8, and 4 percent for corn, white rice, and parboiled rice, respectively, demonstrating the higher digestion velocity of rice starch compared with corn starch. In the present study, diets containing rice, with a more readily digestible starch, promoted better performance responses (Table 7) , this differs from the findings of Weurding et al. (2003a,b) and Enting et al. (2005) . Starch Table 6 . Coefficients of total tract apparent retention (CTTAR) of DM, N and GE, AMEn and coefficients digestibility (CD) of the available starch of the experiment 1 diets. Table 7 . Average initial chick weight (IW), average feed intake (AFI, g/bird), average weight gain (AWG, g/bird), and feed conversion ratio (FCR, g/g) of broilers fed pre-starter and starter diets in experiment 1. digestibility was higher (P < 0.0001) in the presence of SPI, which may be explained by faster diet transit of the diet with higher soybean meal content which may have reduced the digestibility in diets with no SPI. The difference in particle size between diets with and without SPI may also be a factor influencing the observed results.
The higher CTTAR of nutrients and AMEn content of the diets containing rice resulted in better performance both in the pre-starter and starter phases (P < 0.05) ( Table 7) . Brum et al. (2007) fed broken rice to broilers in substitution of 40% corn did not affect live performance or carcass yield of 42-day-old broilers. González-Alvarado et al. (2007) reported better utilization of nutrients and growth in broilers fed diets based on broken rice than on corn. Those authors mentioned that the AMEn value used for rice (3,360 kcal/kg; FEDNA, 2003) underestimated the actual energy content of rice in the diets. In the present study, an AMEn value of 3,279 kcal/kg was used for rice (Rostagno et al., 2011) , and the same underestimation was detected. Differences between 115 and 196 kcal AMEn were observed between calculated and estimated values, showing the potential use of Table 8 . Average initial chick weight (IW), average feed intake (AFI, g/bird), average weight gain (AWG, g/bird), and feed conversion ratio (FCR, g/g) of broilers fed pre-starter pelleted diets in experiment 2. Relative to the protein feedstuffs evaluated, birds fed 6% SPI presented worse performance (P < 0.001; Table 7 ), which was unexpected considering the positive CTTAR results (Table 6 ). This was also observed by Batal and Parsons (2003) , who evaluated the inclusion of 26.8% SPI in broiler starter diets. In the present experiment, a lower feed intake with SPI was already observed in the pre-starter phase (Table 7) . This result is consistent with the observations of Shelton et al. (2003) , who attributed the lower feed intake to the high energy of the diets with 22% and 23.4% SPI and the small particle size of SPI. Longo et al. (2005) also observed lower feed intake in broilers fed 5.35% SPI but similar ADG and FCR. In the present study, the smaller particle size of the diets with SPI (Table 3 ) may have affected diet acceptance, as poultry in general prefer diets with large particle sizes (Nir et al., 1994) .
The AMEn values of SPI reported in the literature are widely variable. In the present study, a value of 3,500 kcal of AMEn for broilers was used (NRC, 1994) . However, Longo et al. (2005) estimated 2,110 kcal/kg.
Experiment 2
No interactions were observed between effects and therefore only main effects will be discussed. Broilers fed rice in substitution of corn grew faster from 0 to 7 d of age (P < 0.01), but the difference was not evident at 33 d of age once the birds were fed a common diet (Table 8) . It must be noted that broilers were housed in an experimental environment in which temperature and humidity were maintained within the thermal comfort zone. Under practical conditions, with health and thermal challenges and competition for feeders and drinkers, as well as lack of flock uniformity, the influence of pre-starter performance on final flock performance is more significant than under experimental conditions.
With pelleted diets, SPI inclusion did not affect feed intake or overall performance (P > 0.05). Therefore, feed pelleting prevented the reduced feed intake of diets containing SPI reported in previous studies (Shelton et al., 2003; Longo et al. 2005) .
Experiment 3
No interactions between effects were observed and therefore only main effects will be discussed. The results of Exp 3 confirm the better performance of broiler fed diets where rice replaced corn in the pre-starter phase (P < 0.001) ( Table 9 ). In this Exp, the better FCR obtained with the rice diets persisted until d 33 (P < 0.05), although all birds were fed the same diet after d 8. Many nutritional strategies aiming at optimizing pre-starter broiler performance render good results, but in general these improvements are reduced as the birds age and do not influence performance in the subsequent phases (Noy and Sklan, 2002; Longo et al., 2005) .
The dietary inclusion of SPI did not affect feed intake or overall broiler performance (P > 0.05). Therefore, the same oil dietary inclusion prevented the reduced feed intake of the diets containing 6% SPI, as observed with pelleting in Exp 2. Kessler et al. (2009) observed that broilers select oil-rich diets, and consequently high AMEn, in the first day of life. Fat is the dietary nutrient with the highest energy density and lowest heat increment. In addition, it reduces digesta passage rate along the gastrointestinal tract (GTI), favoring the action Table 9 . Average initial chick weight (IW), average feed intake (AFI, g/bird), average weight gain (AWG, g/bird), and feed conversion ratio (FCR, g/g) of broilers in experiment 3. * P ≤ 0.05; * * P ≤ 0.01; * * * P ≤ 0.001. 1 Experiment 3 = fed pre-starter mash diets containing the same percentage of added fat (4.03% soybean oil).
2 n = 27 3 SPI = soy protein isolate. 4 The interaction was NS.
of enzymes and nutrient utilization (Mateos and Sell, 1980) . Added fat also increases palatability, stimulating broiler intake (Maiorka et al., 2008) by improving feed texture and decreasing the presence of fines. In summary, we can conclude that rice, either white or parboiled, improves nutrient utilization and can replace corn in pre-starter diets for broilers. Furthermore, we can conclude that rice starch is more digestible than corn starch. The inclusion of soy protein isolate in the 0 to 7 d of age diet did not improve broiler performance; therefore its use is not indicated.
